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I. Basis of the report 

^t^^edl^S^Z^ Itey <*, not contmn amendments (Rules 70. 16 ami 70.17)): 



Description, Pages 
1-20 



as originally filed 



Ciaims, Numbers 

1-28 



as originally filed 



Drawings, Sheets 
1/10-10/10 



as originally filed 



2 With reaard to the language, all the elements marked above were available or ^^^^^l^^f^^.^^""^ 
Ku?^ in whtoh IhS^nteTnational application was filed, unless othen«.se indicated under this .tern. 

These elements were available or fumished to this Authority in the following language: . which is: 

□ the language of a translation fumished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of international preliminary examination (under 
Rule 55.2 andbr 55.3). 

3 With reaard to any nucleotide andfor amino acid sequence disclosed in the international application, the 
ISLXal^lSK^ examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written fonn. 

□ filed together with the international application In computer readable form. 

□ furnished subsequently to this Authority In written form. 

□ fumished subsequently to this Authority in computer readable fonn. 

□ The statement that the subsequently fumished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

□ The statement that the infomiation recorded in computer readable form is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the ciaims, Nos.: 

□ the drawings, sheets: 



fA,y .^placement sh«( conlain/ha sucft amendnTsnK must be relem<l u under Urn, 1 and annexed to Uye 
report.) 

6. Additional observations, if necessary: 

m. Non-estabHshment of opinion wHh regard to novelty, inventive step and industrial applicability 

1 The Questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
■ obviS or to belndustrially applicable have not been examined in respect of. 

□ the entire International application, 
Bl claims Nos. 28 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify). 

El the description, claims or drawings Ondjc^^ P^^^'^'fJ^^^^^^ '^"'''^ ^^'^ '° 

unclear that no meaningful opinion could be formed (specify). 

see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. 
Instructions: 

□ the written form has not been furnished or does not comply with the Standard. 

□ the computer readable fom. has not been furnished or does not comply with the Standard. 

V Reasoned statement under Article 35(2) with regard to novelty, inventive step or Industrial applicability; 
■ citations and explanations supporting such statement 

1. Statement 
Novelty (N) 

Inventive step (IS) 

Industrial applicability (lA) 

2. Citations and explanations 



Yes: 


Claims 


9-26 


No: 


Claims 


1-8,27 


Yes: 


CIsdms 


14-26 


No: 


Claims 


9-13 


Yes: 


Claims 


1-26 


No: 


Claims 
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Re Item III 
1. Clarity 



1 1 The subject-matter of claim 28 is unclear under Article 6 PCT. A claim cannot be 
defined with the only characterizing part being a reference to drawings. As the 
aimed scope of protection is unclear, the assessment of novelty, inventive step 
and industrial applicability is not possible. 



Re Item V- 

1. Considered documents 

The following documents (D) are referred to in this communication; the numbering will be 
adhered to in the rest of the procedure: 

D1 • US-A-5 998 054 (JONES DANIEL O ET AL) 7 December 1999 (1999-12-07) 
D2- EP-A-1 286 404 (EQUOS RES KK) 26 February 2003 (2003-02-26) 
D3': WO 00/70698 A (BRAMBILLA MASSIMO ;MAZZUCCHELLI GABRIELE (IT); 
FLEBA GIAN PIERO (I) 23 November 2000 (2000-1 1 -23) 

2. Novelty 

The subject-matter of claims 1-8 and 27 appears not to satisfy the requirements of novelty 
according to Article 33(2) PCT: 

2 1 D1(US 5998054) discloses in Figures 2-4 a PEM-FC system comprising separator 
plates (120) having aligned injection holes (131) for injecting liquid water from an 
input channel (140) into the reactant gas bearing gas flow channels (126) in order to 
humidify and implicitly also cooling the system. CartDon fabric serves as gas diffusion 
layer (reticulated element; column 5, lines 11-14). The diameter of the injection holes 
varies between 0.127-0.254 mm (column 5. line 64-67). The gasket (136) leaves a 
space for a fluid collection channel (134). Therefore, the subject-matter of claims 1-8 
and 27 is regarded as not being novel. 

3. Inventive step 
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The subject-matter of claims 9-13 appears not to satisfy the requirements of inventiveness 
according to Article 33(3) PCT: 

31 Oils regarded as the closest prior art with respect to claim 9. It differs from the 
present application insofar as a multiplicity of additional cells (1 01 ) is lacking. These 
additional cells sen/e for cooling the stack whilst preheating the water in order to 
effectively humidify the reactant gas. The problem to be solved might be fomiulated 
such as how to provide the thermal energy to the humidifying fluid for an evaporative 
humidification/cooling management. The solution, however, appears obvious for the 
skilled person in view of the teaching of D3 (WO 0070698) which proposes the 
incorporation of devices (11) (see page 15. linelO to page 16. line 12 and Figures 3- 
5) comprising electrically reticulated elements (5'), corresponding channels and 
openings between reaction cells. Furthemiore, one or more water injection channels 
(15) are placed below feed openings (13) (see page 16. lines 7-12 and Figure 4). 
Therefore, the subject-matter of claims 9-1 3 is regarded as lacking an Inventive step. 

3 2 The subject-matter of claim 14 and its depending claims 15-26. however Is 

regarded as involving an inventive step, because a generator having conductive 
bipolar plates comprising the (known) multiplicity of fluid injection holes, further 
comprising a multiplicity of first and a multiplicity of second calibrated holes for the 
passage and discharge of reaction gases is neither obvious for the skilled person nor 
has this particular arrangement been suggested by the prior art at hand for solving 
the problem of how to provide an effective thermal and water management. 

4. Further remarks 

4 1 D2 (EP 1286404) is an Intermediate document which might be relevant in an eventual 

regional phase. It discloses in paragraphs [0082H0093] and in Figures 1 5-1 7 and 20- 
23 a fuel cell having separator plates (1 4A) comprising coolant paths (S2) and air flow 
paths (SI), wherein through-holes (143) enable the coolant to be injected into said 
air flow path for cooling the fuel cell and humidifying the air stream. 

4 2 Reference numeral (108) indicating the left-hand side portion of a fluid collection 
channel (see page 1 2. 4. paragraph) is lacking in the con-esponding Figure 5b (and 
all other Figures). 

4 3 First and second lower openings numerals 208b1 and 208b2 in the description (see 
page 13. last paragraph) are inconsistent with reference numerals 208a3 and 208a4 
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in the corresponding Figures 7a and 7b. 

4 4 Connecting side openings numeral 209 in the description (see page 17, line 9) i 
inconsistent with the reference numeral (215) in the corresponding Figure 8a. 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/EP 03436327 

I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rales 70, 16 and 70. 1 7))\ 

Descnption, Pages 

1 -20 as originally filed 

Claims, Numbers 

1 -28 as originally filed 

Drawings, Sheets 

1/10-10/10 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless othenwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)). 

□ the language of publication of the International application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of intemational preliminary examination (under 
Rule 55.2 andAjr 55.3). 

3. With regard to any nucleotide andA>r amino acid sequence disclosed in the international application, the 
intemational preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written fonm. 

□ filed together with the intemational application In computer readable fomn. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is ideritical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: . 

□ the claims, Nos.: 

□ the drawings. sheets: 
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5. □ This report has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application, 
IS claims Nos. 28 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an Intemational preliminary examination (specify): 

S the description, claims or drawings (indicate particular elements below) or said claims Nos. 28 are so 
unclear that no meaningful opinion could be formed (specify): 

see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaninqful ooinion 
could be formed. ^ ^ 

□ no international search report has been established for the said claims Nos. 

2, A meaningful International preliminary examination cannot be carried out due to the failure of the nucleotide and/ 
or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the Standard. 

□ the computer readable fomn has not been furnished or does not comply with the Standard. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability- 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


9-26 




No: 


Claims 


1-8,27 


Inventive step (IS) 


Yes: 


Claims 


14-26 




No: 


Claims 


9-13 


Industrial applicability (lA) 


Yes: 


Claims 


1-26 




No: 


Claims 





2. Ctetons and explanations 
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Re item III 
1. Clarity 

1.1 The subject-matter of claim 28 is unclear under Article 6 PCT. A claim cannot be 
defined wUh the only characterizing part being a reference to drawings. As the 
aimed scope of protection is unclear, the assessment of novelty, inventive step 
and industrial applicability is not possible. 



Re item V 

1. Considered documents 

The following documents (D) are referred to in this communication; the numbering will be 
adhered to in the rest of the procedure: 

D1 : US-A-5 998 054 (JONES DANIEL O ET AL) 7 December 1999 (1999-12-07) 
D2: EP-A-1 286 404 (EQUOS RES KK) 26 Febmary 2003 (2003-02-26) 
D3: WO 00/70698 A (BRAMBILLA MASSIMO ;MAZZUCCHELLI GABRIELE (IT); 
FLEBA GIAN PIERO (I) 23 November 2000 (2000-1 1 -23) 



7776 subject-matter of claims 1-8 and 27 appears not to satisfy the requirements of novelty 
according to Article 33(2) PCT: 

2.1 D1(US 5998054) discloses in Figures 2-4 a PEM-FC system comprising separator 
plates (120) having aligned injection holes (131) for injecting liquid water from an 
Input channel (140) into the reactant gas bearing gas flow channels (126) in order to 
humidify and implicitly also cooling the system. Carbon fabric serves as gas diffusion 
layer (reticulated element; column 5, lines 11-14). The diameter of the injection holes 
varies between 0.127-0.254 mm (column 5, line 64-67). The gasket (136) leaves a 
space for a fluid collection channel (1 34). Therefore, the subject-matter of claims 1-8 
and 27 is regarded as not being novel. 

3. Inventive step 
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The subject-matter of claims 9-13 appears not to satisfy ttie requirements of inventiveness 
according to Article 33(3) PCT: 

3.1 D1 is regarded as the closest prior art with respect to claim 9. It differs from the 
present application insofar as a multiplicity of additional cells (101) is lacking. These 
additional cells serve for cooling the stack whilst preheating the water In order to 
effectively humidify the reactant gas. The problem to be solved might be formulated 
such as how to provide the thermal energy to the humidifying fluid for an evaporative 
humidification/cooling management. The solution, however, appears obvious for the 
skilled person in view of the teaching of D3 (WO 0070698) which proposes the 
incorporation of devices (11) (see page 15. linelO to page 16, line 12 and Figures 3- 
5) comprising electrically reticulated elements (5'), corresponding channels and 
openings between reaction cells. Furtheimore, one or more water injection channels 
(15) are placed below feed openings (13) (see page 16, lines 7-12 and Figure 4). 
Therefore, the subject-matter of claims 9-13 is regarded as lacking an inventive step. 

3.2 The subject-matter of claim 14 and its depending claims 15-26, however, is 
regarded as involving an inventive step, because a generator having conductive 
bipolar plates comprising the (known) multiplicity of fluid injection holes, further 
comprising a multiplicity of first and a multiplicity of second calibrated holes for the 
passage and discharge of reaction gases is neither obvious for the skilled person nor 
has this particular arrangement been suggested by the prior art at hand for solving 
the problem of how to provide an effective thermal and water management. 

4- Further remarks 

4.1 D2 (BP 1 286404) is an intemiediate document which might be relevant in an eventual 
regional phase. It discloses in paragraphs [0082]-[0093] and in Figures 15-17 and 20- 
23 a fuel cell having separator plates (14A) comprising coolant paths (82) and air flow 
paths (SI), wherein through-holes (143) enable the coolant to be injected into said 
air flow path for cooling the fuel cell and humidifying the air stream. 

4.2 Reference numeral (108) indicating the left-hand side portion of a fluid collection 
channel (see page 12, 4. paragraph) is lacking in the corresponding Figure 5b (and 
all other Figures). 

4.3 First and second lower openings numerals 208b1 and 208b2 in the description (see 
page 13, last paragraph) are inconsistent with reference numerals 208a3 and 208a4 
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in the corresponding Figures 7a and 7b, 



4.4 Connecting side openings numeral 209 in the description (see page 17, line 9) is 
inconsistent with the reference numeral (215) in the corresponding Figure 8a. 



Form PCT/Separate Sheet/409 (Sheet 3) (EPO-Aprll 1997) 



From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



^ATENT COOPERiUiQIiTREA^^ 

Reitstfitter.Kinzebach&Pai 



To: 

Dr. W. Kinzebaoh 

Reitstotter, Kinzebach & Partner 

(GbR) 

Sternwartstrasse 4 
D-81679 Munchen 
ALLEMAGNE 



10/ 5 I? 982 



sng. 0 1 Sep. 200| 

Stemwartstr. 4 



^P. 2001 ^ 

D-8167lMunchen 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT; 

(PCT Rule 71.1)^ 



Date of mailing 
(dayAnonth^ear) 



06.09.2004*- 



Applicant's or agent's file reference 
M/44167-PCT 


IMPORTANT NOTIFICATION 


International application No. 
PCT/EP 03>06327 


International filing date (dayAnonth^ear) 
16.06.2003 


Priority date (dayAnonth^ear) 
17.06.2002 


Applicant 

NUVERA FUEL CELLS EUROPE S.R.L. et al. 



1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international 
application. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for 
communication to all the elected Offices. 

3. Where required by any of the elected Offices, the Intemational Bureau will prepare an English translation of 
the report (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 



The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) 
(Article 39(1 )) (see also the reminder sent by the Intemational Bureau with Form PCT/lB/301 ). 

Where a translation of the international application must be furnished to an elected Office, that translation 
must contain a translation of any annexes to the intemational preliminary examination report. It is the 
applicant's responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume il of the 
PCT Applicant's Guide. 

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step 
and industrial applicability described in Article 33(2) to (4) merely serve the purposes of international 
preliminary examination and that "any Contracting State may apply additional or different criteria for the 
purposes of deciding whether, in that State, the claimed inventions is patentable or not" (see also Article 
27(5)). Such additional criteria may relate, for example, to exemptions from patentability, requirements for 
enabling disclosure, clarity and support for the claims. 



Name and mailing address of the Intemational 
preliminary examining authority: 



European Patent Office 
D-8Q298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Authorized Officer 
Marchetto, L 

Tel. +49 89 2399-2796 



Form PCT/IPEA/416 (Januafy2004) 



/6i79aa 



77te demand must be filed directi^^^he competent International Preliminary Examining Autho?llfW, if two or more Authorities are competent, 
with the one chosen by the applicant Thefiill name or two-letter code of that Authority may be indicated by the applicant on the line below: 
iPEA/ 



PCX 

DEMAND 

under Article 3 1 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 



CHAPTER II 



— ^— ^— — For International Preliminar 

Identification of IPEA 


Date of receipt of DEMAND 


Box No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 


Applicant's or agent's file reference 
M/44167-PCT 


International application No. 
PCT/EP03/06327 


International filing date (day/month/year) 
16.06.2003 


(Earliest) Priority date (day/month/year) 
17.06.2002 


Title of invention 

Fuel cell with evaporative cooling and humidification 


Box No. II APPLICANT(S) 


Name and address: Ramify name followed by name; for a legal entity, fdll official designaOcn 
77k address must inch^de postal caJeani name cf country.) 

Nuvera Fuel Cells Europe S.r.l. 
Via Bistolfi, 35 
1-20134 Milano 
Italy 


Telephone No. 


Facsimile No. 


Teleprinter No. 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 
IT 


State (that is, country) of residence: 
IT 


Name and address: (Tamify namefo&iwedfygnen name; for a legal en^^ The addnss must include postal code and name <f country,) 

Trifoni, Eduardo 
Via Donizetti 5 
80127 Napoli 
Italy 


State (that is, country) of nationality: 

IT 


State (that is, country) of residence: 
IT 


Name and address: (Famifynamefolhwedbyghfenname; Jbrahgcde^^^ The aMessnwst include postal code and name <f country.) 

FACCHI. Daniele 
Via S. Anna 17 
25038 Rovato (BS) 
Italy 


State (that is, couniryj of nationality: 
IT 


State (that is, country) of residence: 
IT 


1 X| Further applicants are indicated on a continuation isheet. 



Sheet No. ..2.. 



International application No. 
PCT/EP03/06327 



Continuation of Box No. II APPLICANT(S) 

If none of the following sub-boxes is used this sheet should not be included in the demand 



Name and address: (FamUynamfoBaivedtygivenncmK: forakgalent^ The (M^niust include postal code andrkmiecfa^ 

FLEBA, Glan Piero 
Via F. Villa 6 
20134 Milano 
Italy 



State (that is. country) of nationality: 
IT 



State (that is, country) of residence: 
IT 



Name and address: (Family namefoBawed by given name; for a legal entity, JuUqffhialiksignation, The adt^ must hdude postal code and name <f country.) 

LENARDON. Matteo 

Via Unione 2 

22074 Lomazzo (Como) 

Italy 



State (that is, country) of nationality: 
IT 



State (that is, country) of residence: 
IT 



Name and address: (Family namefolUnved by ffven name; for a legal entity, fdl official designation The address must include postal code and name of country) 



LIOTTA, Marcello 

Via della Cooperazione 117 

20089 Rozzano (Ml) 

Italy 



State (that is, country) of nationality: 
IT 


State (that is, country) of residence: 
IT 


Name and address: (Famifynamefolhwed by given name; for a legal entity, Jim cffiacddesiffxawn The adc^ must indude postal code and name of country) 


MERLO. Luca 




Via Molera 12 




22030 Montorfano (CO) 




Italy 




Slate (that is, country) of nationality: 
IT 


State (that is, country) of residence: 
IT 



Further applicants are indicated on another continuation sheet. 



Form PCT/IPEA/40I (continuation sheet) (March 2001; reprint January 2002) 



See Notes to the demand form 



Sheet No. ...3.. 


International application No. 
PCT/EP03/06327 


Continuation of Box No. II APPLICANT(S) 






If none of the following sub-boxes is used, this sheet should not be included in the demand 




Name and address: (FanOyrwimeM^^^by^Nennamsi forak&d The adcb^nmst include postal code and name of coi^ 


JACOBO. Ruben Omelas 
Via Gorki 20 

20098 San Gluliano Milanese (Ml) 
Italy 






State (that is, country) of nationality: 
IT 


State (that is, country) of residence: 
IT 


Name and address: (Family namefoBawed by given name: far a legal entity^fidl official designation. The adckess must incbMk postal code and ncmcfcoimtry.) 


ANTONINO. Toro 
Via Morandi 1 7 
20090 Segrate 
Italy 






State (that is, country) of nationality: 
IT 


State (that is, country) of residence: 
IT 


Name and address: (Famifynamefolhwed by given name: for a kgal entity, fill official de^fftation The ackkessnmst include postal code anirnme (^country) 


TRAIN!. Fabio 
Via Pisani Dossi 31 
20134 Milano 
Italy 






State (that is, country) of nationality: 
IT 


State (that is, country) of residence: 
IT 


Name and address: (Family namefollait^ by given name: for a kgalent^^^ The adetess must indudeposkd code and nem (^cotffitry) 


State (that is, country) of nationality: 


State (that is, country) of residence: 


1 1 Further applicants are indicated on another continuation sheet. 



Form PCT/IPEA/40I (continuation sheet) (March 2001; reprint January 2002) 



See Notes to the demand form 



Sheet No .4 



International application No. 

PCT/EP03/06327 



Box No. Ill AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is [x] agent common representative 

a"^* IX| has been appointed earlier and represents the applicant(s) also for international preliminary examination. 

I I is hereby appointed and any earlier appointment of (an) agent(s)/common representative is hereby revoked. 

I I is hereby appointed, specifically for the procedure before the International Preliminary Examining Authority, in addition to 
the agent(s)/common representative appointed earlier. 



Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country) 

Or W. KInzebach 

ReltstGtter. Kinzebach & Partner (GbR) 

Patentanwalte 

Sternwartstr. 4 

D - 81679 Munchen 



Telephone No. 
089-99 83 970 



Facsimile No. 
089-98 73 04 



Teleprinter No. 



Agent's registration No. with the Office 



□ Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent. 



Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments:* 

i. The applicant wishes the international preliminary examination to start on the basis of: 
I I the international application as originally filed 



the description 


□□ 


as originally filed 
as amended under 


the claims 


□□□ 


as originally filed 
as amended under 
as amended under 


the drawings 




as originally filed 
as amended under 


2. 1 1 The applicant wishes any amendment 



I I 'The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months 
from the priority date unless the International Preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice fi-om the applicant that he does not wish to make such amendments (Rule 69.1(d)). (This check- 
box may be marked only where the time limit under Article 19 has not yet expired) 

Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or, where a copy of amendments to the claims under Article 1 9 and/or amendments of the international application 
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opinion 
or the international preliminary examination report, as so amended. 



Lan gua ge for the purposes of International preliminary examination: English 

m 

which is the language in which the international application was filed, 

□ 

which is the language of a translation furnished for the purposes of international search. 

□ 

which is the language of publication of the international application. 
I I which is the language of the translation (to be) furnished for the purposes of international preliminary examination. 



Box No. V ELECTION OF STATES 



The applicant hereby elects all eligible States (that is, all States which have been designated and which are bound by Chapter If of 
the PCT) 

excluding the following States which the applicant wishes not to elect: 



Form Pr r/IPFAMOl Cwnnd «:h<»p.f^ rMarrh 7001- renrin* lannarv 9009^ 



Sf.ft Nnte.s to thp. demand farm 



Sheet No. ..5.. 



International application No. 
PCT/EP03/06327 



Box No. VI CHECK LIST 



The demand is accompanied by the following elements, in the language referred to in 
Box No. IV, for the purposes of international preliminary examination: 







received 


not received 


1. translation of international application : 


sheets 


□ 


□ 


2. amendments under Article 34 


sheets 


□ 


□ 


3. copy (or, where required, translation) of 
amendments under Article 19 


sheets 


□ 


□ 


4. copy {or, where required, translation) of 
statement under Article 19 


sheets 


□ 


□ 


5. letter : 


sheets 


□ 


□ 


6. other (specify) : : 


sheets 


□ 


□ 



For International Preliminary 
Examining Authority use only 



The demand is also accompanied by the item(s) marked below: 
1 - IXI ^'^^ calculation sheet 

2. Q original separate power of attorney 

3. Q original general power of attorney 

4. copy of general power of attorney; 
reference number, if any: 



5. Q statement explaining lack of signature 

6. sequence listing in computer readable form 

7. Q other (specify) : 



Box No, VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 

Next to each signature, indicate the name of the person signing and the cegjacity in which the person signs (if such capacity is not obvious from reading the demand). 



Munich, January 15. 2004 





J. Uwe MQIIer. Patent Attorney 



For International Preliminary Examining Authority use only 



1 . Date of actual receipt of DEMAND: 



2. Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60. 1(b): 



3 I 1 The date of receipt of the demand is AFTER the expiration of 19 monthis 

I — I from the priority date and item 4 or 5, below, does not apply. 



□ 



The applicant has been 
informed accordingly. 



4. I I The date of receipt of the demand is WITHIN the period of 19 months from the priority date as extended by virtue of 

I I Rule 80.5. 

5 I I Although the date of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival 

I 1 is EXCUSED pursuant to Rule 82. 



Demand received from IPEA on: 



For International Bureau use only 



Form PCT/IPEA/401 (last sheet) (March 2001; reprint January 2002) 



See Notes to the demand form 



10/517982) 





W 

International Application No. 


REQUEST 


International Filing Date 


The undersigned requests that the present 

international application be processed 
according to the Patent Cooperation Treaty. 


Name of receiving Office and "PCT International Application" 




Applicant's or agent's file reference 

(if desired) (12 characters maximum) M/44 1 67-PCT 


Box No. I TITLE OF INVENTION 
Membrane eiectrochemical generator 


Box No. 11 APPLICANT This person is also inventor. 



Name and address: (Family name followed by given name; for a legal entity, Jull official designation. Telephone No. 

The address must include postal code and name of country. The country of the address indicated in this 

Box is the applicant's State (that is, country) of residence if no State (^residence is indicated below.) 



Facsimile No. 

NUVERA FUEL CELLS EUROPE S.R.L. 

Via Bistolfi. 35 

1-201 34 Milano Teleprinter No. 

Italy 

Applicant's registration No. with the Office 



State (that is. country) of nationality: 
IT 


State (that is. country) of residence: 
IT 


This person is applicant i 1 all designated a'^ designated States except r~l the United States | 1 the Stales indicated in 

for the purposes of: 1 1 Slates j A j the United States of America | | of America only | | the Supplemental Box 


Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 





Name and address: (Family name followed by given name, for a legal entity, full oficial designation. 
The address mustjnclude postal code and rujme of country. The country of the address indicated in this 
Box is the applicant's State (that is. country) of residence if no State of residence is indicated below.) 

TRIFONI, Eduardo 
Via Donizetti 5 
80127 Napoli 
Italy 



This person is: 

I I applicant only 

|X| applicant and inventor 

□ inventor only (If this check-box 
is marked, do not fill in below,) 



Applicant's registration No. with the Office 



Stale (that is, country) of nationality: 
IT 



State (that is, country) of residence: 
IT 



This person is applicant 
for the purposes of: 



□ all designated | | all destjgnated States except 
States I I the United States of America 



ryl the United States 
I '^l of America only 



□ the States indicated in 
the Supplemental Box 



X Further applicants and/or (further) inventors arc indicated on a continuation sheet. 



Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The person identified below is hereby/has been appointed to act on behalf Fy] agent I | common 

of the applicant(s) before the competent International Authorities as: LCJ ^ I 1 representative 



Name and address: (Family name followed by given name: for a legal entity, Jull official designation. 
The address must include postal code and name of country.) 


Telephone No. 
089-99 83 970 


Dr. W. Kinzebach 

Reitstotter, Kinzebach & Partner (GbR) 
Patentanw3lte 
Sternwartstrade 4 
D - 81679 Munchen 


Facsimile No. 
089-98 73 04 


Teleprinter No. 




Agent's registration No. with the Office 



□ Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent. 



Form PCT/RO/IOl (first sheet) (March 2001; reprint January 2002) 



See Notes to the request form 



Sheet No. 



Continuation of Box No. Ill ^BPRTHER APPLICANT(S) AND/OR (FURTHER) I 

// none of the following sub-boxes is used, this sheet should not be included in the request. 



TOR(S) 



Name and address: (Family name followed by given name: for a legal entity, JUll official designation. 
The address must include postal code and name of country, the country of the address indicated in this 
Box is the applicant's State (that is, country) of residence ifno State of residence is indicated below.) 


This person is: 

\ 1 applicant only 


FACCHI. Daniele 
Via S. Anna 17 
25038 Rovato (BS) 
Italy 




|X| applicant and inventor 

inventor only (If this check-box 
l_J is marked, do not fill in below.) 






Applicant's registration No. with the Office 


State (that is, country) of nationality: 
IT 


State (that is, country) of residence: ! 
IT 


This person is applicant i 1 all designated l 1 all designated States except ryl 

for the purposes of: | | States | | the United States of America 


the United States i 1 the Stales indicated in 

of America only 1 1 the Supplemenul Box 


Name and address: (Family namefollowed by given name; for a legal entity, fill official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is, country) of residence ifno State of residence is iruiicated below.) 


This person is: 

1 1 applicant only 


FLEBA. Gian Piero 
Via F. Villa 6 
20134 Milano 
Italy 




|X 1 applicant and inventor 

r"~| inventor only (If this check-box 
LJ is marked, do not fill in below.) 






Applicant's registration No. with the Office 


State (that is. country) of nationality: 
IT 


State (that is, country) of residence: 
IT 


This person is applicant i— i all designated i — i all designated States except pyi 
for the purposes of: I I States 1 1 the United States of America 1 A.| 


the United States i 1 the States indicated in 

of America only I I the Supplemental Box 


N amc and address : (Family name followed by given name; for a legal entity, fitll official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is, country) of residence if no State of residence is indicated below.) 


This person is: 

1 1 applicant only 


LENARDON. Matteo 

Via Unione 2 

22074 Lomazzo (Como) 

Italy 




1 X 1 applicant and inventor 

1 1 inventor only (If this check-box 

l_l is marked, do not fill in below.) 




Applicant's registration No. with the Office 


State (that is, country) of nationality: 
IT 


State (that is, country) of residence: 
IT 


This person is applicant i 1 all designated i 1 all designated States except y 

for the purposes of: 1 1 States 1 1 the United States of America ^ 


the United States 1 1 the States indicated in 

of America only 1 1 the Supplemental Box 


Name and address: (Family name followed by given name; for a legal entity. Jull official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is. country) of residence if no State of residence is indicated below.) 


This person is: 

1 1 applicant only 


LIOTTA, Marcello 

Via della Cooperazione 117 

20089 Rozzano (Ml) 

Italy 




1 X| applicant and inventor 

r~l inventor only (If this check-box 
L_l is marked, do not fill in below.) 






Applicant's registration No. with the Office 


Slate (that is. country) of nationality: 
IT 


State (that is. country) of residence: 
IT 


This person is applicant r— i all designated i 1 all designated States except rw] 

for the purposes of: 1 1 States | | the United Slates of America jJVJ 


the United Slates i— i the States indicated in 
of America only 1 1 the Supplemental Box 


1 X 1 Further applicants and/or (further) inventors are indicated on another continuation sheet. 



Form PCT/RO/lOl (continuation sheet) (March 2001; reprint January 2002) 



See Notes to the request form 



Sheet No 3 



Continuation of Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 

// none of the following sub-boxes is used, this sheet should not be included in the request. 



Name £ind address: (Family name follosved by given name: for a legal entity, fuU official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is. country) of residence if no State of residence is indicated below.) 

MERLO. Luca 

Via Molera 1 2 

22030 Montorfano (CO) 

Italy 



This person is: 

I I applicant only 

I X I applicant and inventor 

□ inventor only (If this check-box 
is marked, do not fdi in below.) 



Applicant's registration No. with the Office 



Slate (that is, country) of nationality: 
IT 


State (that is, country) of residence: 
IT 


This person is applicant r— i all designated f"^ all designated States except TsTX 
for the purposes of: | | States | | the United States of America LlU 


the United States i 1 the States indicated in 

of America only 1 1 the Supplemental Box 



Name and address : (Family name followed by given name: for a legal entity, Jull official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant 's State (that is, country) of residence if no State of residence is indicated below.) 

JACOBO. Rub6n Ornelas 
Via Gorki 20 

20098 San Giuliano Milanese (Ml) 
Italy 



This person is: 

I I applicant only 

|X| applicant and inventor 

□ 



inventor only (If this check-box 
is marked, do not Jill in below.) 



Applicant's registration No, with the Office 



State (that is, country) of nationality: 
IT 



State (that is, country) of residence: 
IT 



This person is applicant 
for the purposes of: 



□ all designated f~-i all designated States except 
States I I r ^ " ' ' - 



the United States of America 



r^l United States 
I A| of America only 



□ the States indicated in 
the Supplemenul Box 



Name and address: (Family name followed by given name: for a legal entity. Jull official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is, country) of residence if no State of residence is indicated below.) 

ANTONINO. Toro 
Via Marazzani 12 
20132 Milano 
Italy 



This person is: 

I I applicant only 

applicant and inventor 

inventor only (If this check-box 
is marked, do not /ill in below.) 



□ 



Applicant's registration No. with the Office 



Slate (that is. country) of nationality: 
IT 


State (that is, 
IT 


country) 


of residence: 


This person is applicant |— i all designated 
for the purposes of: I I States 


all designated States except 
1 1 the United States of America 


X 


the United States 
of America only 


□ 


the States indicated in 
the Supplemental Box 



Name and address: (Family name followed by given name: for a legal entity, Jull official designation. 
The address must include postal code and name oj country, tne country oj the address indicated in this 
Box is the applicant's State (that is, country) oJ residence iJnoState ojresidence is indicated below.) 

TRAIN!, Fabio 
Via Pisani Dossi 31 
20134 Milano 
Italy 



This person is: 

I I applicant only 

I X| applicant and inventor 

□ inventor only (If this check-box 
is marked, do not Jill in below.) 



Applicant's registration No. with the Office 



State (that is, country) of nationality: 
IT 



State (that is, country) of residence: 
IT 



This person is applicant 
for the purposes of: 



□ all designated r~~l all designated States except r^l the United States i 1 the States indicated m 
States I I the United States of America I A| of America only I I the Supplemental Box 



I I Further applicants and/or (flirther) inventors arc indicated on another continuation sheet. 



Form PCT/RO/lOl (continuation sheet) (March 2001; reprint January 2002) 



See Notes to the request form 



Blatl Nr. 



Feld Nr. V BESTIMMUNG VON STAATEN Bitie die entsprechenden Kdstchen ankreuzen: wenigstens ein Kdstchen mufi angekreuzt y^rden. 



Die folgenden Bestimmungen nach Regel 4.9 Absatz a werden hiermit vorgcnommcn: 
Regionales Patent 

IS AP ARIPO-Patent: GH Ghana. GM Gambia, KE Kenia, LS Lesotho. MW Malawi, MZ Mosambik. SD Sudan, 
SL Sierra Leone. SZSwasiland.TZVcrcinigte RepublikTansania, DC Uganda, ZM Sambia.ZW Simbabweundjederweitere 
Siaai, der Vertragssiaai des Harare-Protokolls und dcs PCT ist (falls eineandere Schutzrechtsart oder ein sonstiges Verfahren 
gewiinscht wird. bitteaufdergepunktetenUnieangeben) 

H EA Eurasischcs Patent: AM Armcnien, AZ Aserbaidschan, BY Belarus. KG Kirgisisian, KZ iCasachsian, MD Rcpublik 
Moldau, RU Russische Foderation, TJ Tadschikisian, TM Turkmenistan und jedcr weitere Siaai, der Vcrnragsstaai dcs 
Eurasischen Paienrtibereinkommens und des PCT isi 

B EP Europaisches Patent: AT Osicrreich, BE Belgien. EG Bulgarien, CH ALI Schweiz und Liechtenstein, CY Zypcm. 

CZ Tschechische Rcpublik, DE Deutschland, DK Dancmark, EE Estland, ES Spanien, FI Finnland, FR Frankrcich. 
GB Vereinigies Konigrcich, GR GriechenJand, IE Irland. IT Ilalien. LU Luxemburg. MC Monaco, NL Niederlande, 
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(57) Abstract: The present invention 
relates to a membrane electrochemical 
generator (200) formed by a 
multiplicity of reaction cells (201) 
mutually connected in electrical series 
and assembled according to a bipolar 
configuration. In accordance with 
the present invention, the thermal 
management of the membrane 
electrochemical generator (200) and 
the hydration of the membrane (204) 
are ensured by the injection of a 
cooling fluid, preferably liquid water, 
in the gaseous reactant feed. Such 
an injection takes place through a 
multiplicity of calibrated fluid injection 
holes (230) obtained in conductive 
bipolar plates (203) delimiting the 
reaction files (201). The cooling fluid 
can be preheated by passing through 
a collector/distributor structure (206) 
located in an additional cell (202). 
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MEMBRANE ELECTROCHEMICAL GENERATOR 

DESCRIPTION OF THE INVENTION 

The present invention relates to a membrane electrochemical generator 
with direct injection of liquid v\^ter into the gaseous reactants. 

Processes of conversion of chemical energy to electric energy based on 
membrane electrochemical generators are known in the art. 

In general, a menr^rane electrochemical generator is forn^ by a 
multiplidty of reaction cells mutually connected in electrical series and 
assembled according to a bipolar configuration. 

Each reaction cell converts the chemical energy generated during the 
reaction of a fuel with an oxidant without degrading it completely to thermal 
energy, and therefore without being subject to the limitations of Camot's cycle. 
More specifically, the fuel is supplied to the anodic chamber of tine reaction cell 
and consists for instance of a hydrogen-rich gaseous mixture or of solutions of 
light alcohols, such as methanol or ethanol, while the oxidant is supplied to the 
cathodic chamber of the same cell and consists for instance of air or oxygen. 

The fuel is catalytlcally electro-oxidised in the anodic chamber releasing 
protons H* and electrons e" which are consumed in the cathodic chamber 
through a catalytic reaction of oxidant electro-reduction, witti production of water. ' 
A proton-exchange membrane which separates the anodic and the cathodic 
chamber allows the continuous flow of protons H* from the anodic chamber to 
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the cathodic chamber while simultaneously hindering the passage of electrons e" 
, which conversely takes place through an external electric circuit. In this way, 
the difference of electric potential established at the poles of the reaction cell is 
maximised. 

The proton-exchange membranes commonly employed in membrane 
electrochemical generators consist of a chemically inert polymer, partially 
functionalised with groups capable of undergoing an acid-base hydrolysis in the 
presence of liquid water, with consequent separation of electrical charge. More 
precisely, the above hydrolysis consists of the release of positive ions (cations) 
and the formation of fixed negative charges on the polymer. 

In order to maintain the proton-exchange membranes constantly hydrated 
so as to allow the hydrolysis and thus the separation of electrical charge 
permitting the protonic conduction to take place, the gaseous reactants (fuel and 
oxidant) are supplied to the electrochemical generator saturated with water 
vapour and at a temperature close to that of the reaction cells by means of 
expensive and complex saturation devices, placed outside the electrochemical 
generator itself. 

The known electrochemical generators are also provided with suitable 
cooling devices which accomplish the withdrawal of the heat produced during 
the functioning of the generator itself, through thermal exchange with a 
circulating fluid (for instance deionised water). The heat must be efficiently 
withdravtfn from the electrochemical generator to allow the thennal control 
thereof not only due to the limited thermal stability of the proton-exchange 
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membranes, usually unfit for operating at temperatures above 100^*0, but also to 
limit as far as possible the evaporation of the water produced in the course of 
the electro-reduction reaction and its consequent removal by the flow of inerts 
and unconverted reactants exiting the generator, with the consequent risk of 
membrane dry-out 

Nevertheless, the presence of these cooling devices renders the known 
electrochemical generators even more complex and expensive. 

A known solution to prevent these inconveniences is disclosed in the 
international patent application WO 00/63992 to the same applicant, providing 
the direct injection of a calibrated flow of liquid water in a membrane 
electrochemical generator consisting of reaction cells having a reticulated 
material, of the type disclosed in US Patent 5,482,792. placed inside the anodic 
and cathodic chambers. The calibrated flow of liquid water, partially evaporating 
within the reticulated element taking advantage of the elevated surface 
development, simultaneously provides to humidifying the gaseous reactants 
while thermally controlling the electrochemical generator without making use of 
two distinct devices and thus limiting the costs and the complexity of the 
generator itself. 

The above described solution, while being advantageous under many 
aspects, nonetheless presents a few inconveniences. 

In particular, the direct injection of the calibrated flow of liquid water takes 
place peripherally to the active area of each reaction cell and transversally to the 
flow of gaseous reactants. Such a mode for direct injection of liquid water, due to 

3 
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the reduced momentum of the latter and to the adhesion phenomena to the walls 
of the sealing gaskets, may determine a non uniform distribution of water within 
the active area of each cell, with consequent formation of non moistened, hot 
and tncipiently drying regions. This has the effect of provoking the membrane 
drying-out and thus the reduction of their operative lifetime besides hampering 
the mechanism of water evaporation, with consequent increment of the liquid 
water flow-rate necessary to the thermal control of the electrochemical 
generator. 

The object of the present invention is to provide a membrane 
electrochemical generator free of the described drawbacks. 

According to the present invention, a membrane electrochemical 
generator is realised as defined in claim 1. 

For a better understanding of the invention, an embodiment thereof is 
described below, as a mere non limiting example and making reference to the 
attached drawings, wherein: 

-figure 1 shows an exploded side-view of a first embodiment of a 
membrane electrochemical generator according to the invention; 

- figure 2 shows a front-view of a component of the membrane 
electrochemical generator of figure 1 ; 

- figures 3a, 3b, 3c show front-views of embodiments of further 
components of the membrane electrochemical generator of figure 1; 

- figure 4 shows an exploded side-view of a second embodiment of a 
membrane electrochemical generator according to the invention; 
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- figures 5a, 5b show front-views of two different embodiments of a 
component of the electrochemical generator of figure 4; 

- figure 6 shows a side-view of a portion of a third embodiment of a 
membrane electrochemical generator according to the invention; 

- figures 7a, 7b show front-views of a component of the electrochemical 
generator of figure 6; 

- figures 8a, 8b show front-views of a further component of the 
electrochemical generator of figure 6; 

- figures 9a, 9b show front-views of a different embodiment of the 
component shown in figures 8a and 8b; 

- figures 10a, 10b show front-views of a different embodiment of the 
component shown in figures 7a and 7b; 

- figures 11a, lib show front-views of a different embodiment of the 
component shown in figures 8a and 8b; and 

- figures 12a, 12b show front-views of a different embodiment of the 
component shown in figures 9a and 9b. 

Figure 1 shows a first embodiment of a membrane electrochemical 
generator according to the invention. The electrochemical generator 1 comprises 
a multiplicity of reaction ceils 2 mutually connected in series and assembled 
according to a filter-press type configuration . 

More in detail, each reaction celt 2 is delimited by a pair of conductive 
bipolar plates 3, with planar faces, among which are comprised, proceeding 
outwards, the proton-exchange membrane 4; a pair of porous electrodes 5; a 
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pair of catalytic layers 6 deposited at the interface between membrane 4 and 
each of the porous electrodes 5; a pair of current collectors/distributors 7, 
realised by means of a reticulated metallic element of the type described in US 
Patent 5,482,792, electrically connecting the conductive bipolar plates 3 to the 
porous electrodes 5 while simultaneously distributing the gaseous reactants; a 
sealing gasket pair 8a, 8b consisting of an anodic sealing gasket 8a and a 
cathodic sealing gasket 8b. The anodic sealing gasket 8a is directed to seal the 
periphery of the anodic chamber 9 of the reaction cell 2 in order to avoid the 
leakage of fuel (hydrogen in particular), while the cathodic sealing gasket 8b is 
directed to seal the periphery of the cathodic chamber 10 of the reaction cell 2 in 
order to avoid the leakage of oxidant (air in particular). The anodic and cathodic 
sealing gaskets 8a, 8b are also directed to realise the seat for the current 
coliectors/distributors 7. 

As shown In figure 2. the conductive bipolar plates 3 have a substantially 
rectangular shape and each of them presents a perimetrical portion 1 1 provided 
with: first and second upper openings 12, 13 for the passage of the gaseous 
reactants, respectively fuel and oxidant; first and second lower openings 14, 15 
for the discharge of the reaction products mixed with the optional residual 
reactants; side openings 16 for the passage of a cooling fluid, in particular liquid 
water. The perimetrical portion 11 is also provided with a multiplicity of holes 17 
for the housing of tie-rods by means of which the tightening of the 
electrochemical generator 1 is accomplished. 
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During the assemblage of the electrochemical generator 1, the coupling 
between the first and the second upper openings 12, 13 of all the conductive 
bipolar plates 3 determines the formation of two upper longitudinal ducts 18 
while the coupling between the first and the second lower openings 14, 15 of all 
the conductive bipolar plates 3 determines the formation of two lower 
longitudinal ducts 19. The two upper longitudinal ducts 18, only one of which is 
shown in figure 1, define the feeding manifolds of the gaseous reactants while 
the two lower longitudinal ducts 19, only one of which is shown in figure 1, define 
the discharge manifolds of the reaction products mixed with the optional residual 
reactants. Alternatively, the lower longitudinal ducts 19 can be employed as 
feeding manifolds, and the upper longitudinal ducts 18 as discharge manifolds. It 
is also possible to feed one of the two gaseous reactants through one of the 
upper longitudinal ducts 18, using the corresponding lower longitudinal duct 19 
for the discharge and feeding the other gaseous reactant through the other lower 
longitudinal duct 19 using the corresponding upper longitudinal duct 18 for the 
discharge. 

Moreover, the coupling between the side openings 16 of all the 
conductive bipolar plates 3 determines the formation of side ducts, not shown in 
figure 1 , for the passage of the liquid water. 

Each conductive bipolar plate 3 is also provided with a multiplicity of fluid 
injection calibrated holes 20, all having the same diameter (for instance 
comprised between 0,2 mm ^ 1 mm), through which the liquid water flowing in 
the side ducts of the electrochemical generator 1 is injected into the reaction 
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cells 2, as will be better explained hereafter. The fluid injection calibrated holes 
20 are mutually aligned in order to ensure a homogeneous distribution of the 
liquid water and are placed below the first and second upper openings 12. 13. 

As shown in figures 3a, 3b, 3c the anodic and cathodic sealing gaskets 
8a. 8b of each reaction cell 2 have a substantially rectangular shape and 
present respective first and second upper openings 8ai, 8a2, 8bi, 8b2, for the 
passage of the gaseous reactants; respective first and second lower openings 
8a3, 834. 8b3, 8b4, for the discharge of the reaction products nnxed with the 
optional residual reactants; respective side openings 8as. 8bs for the passage of 
liquid water. 

More in detail, the first upper openings 8ai (through which the ftjel 
passes) and the second lower openings 8a4 of the anodic gasket 8a are 
connected to the anodic chamber 9 through, respectively, distribution channels 
21a and discharge channels 21b, obtained within the thickness of the same 
anodic sealing gasket (figure 3a). In their turn, the second upper openings 8b2 
(through which the oxidant passes) and the first lower openings 8b3 of the 
cathodic sealing gasket 8b are connected to the cathodic chamber 10 
respectively through the disti^ibution channels 23a and tiie discharge channels 
23b, obtained within the thickness of tine same cathodic sealing gasket (figure 
3b). The distributing and discharge channels 21a, 21b, 23a and 23b have a 
comb-like structure allowing them to distribute and collect within each reaction 
cell 2 the gaseous reactants and the reaction products, the latter mixed with the 
optional residual reactants. in a uniform fashion. The anodic sealing gasket 8a is 
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also provided with fluid collection channels 22 connected with the side openings 
Sas. Optionally, the fluid collection channels 22 can also be connected to the 
distribution channels 21a (figure 3c). 

In a filter-press configuration, the first and the second upper openings 
8ai, 8a2, 8bi, 8b2 of the anodic and cathodic sealing gaskets 8a, 8b form, in 
conjunction with the first and the second upper openings 12, 13 of the 
conductive bipolar plates 3 the two upper longitudinal ducts 18; the first and the 
second lower openings 8a3, 8a4, Sba, 8b4 of the anodic and cathodic sealing 
gaskets 8a, 8b form, in conjunction with the first and the second lower openings 
14, 15 of the conductive bipolar plates 3 the two lower longitudinal ducts 19; the 
side openings 835* Sbs of the anodic and cathodic sealing gaskets 8a, 8b form, in 
conjunction with the side openings 16 of the conductive bipolar plates 3 the side 
ducts for the liquid water feed. 

Moreover, in a filter-press configuration, the fluid collection channels 22 
with which the anodic sealing gasket 8a is provided are placed in 
correspondence of the fluid injection calibrated holes 20 which in their turn are 
placed each in correspondence of a distribution channel 23a of the cathodic 
sealing gasket 8b. 

The anodic and cathodic sealing gaskets 8a, 8b are also provided with a 
multiplicity of holes 24 for housing the tie-rods by means of which the tightening 
of the electrochemical generator 1 is accomplished. 

In its turn, the electrochemical generator 1 is delimited by two conductive 
terminal plates 25 (figure 1), one of which is provided with nozzles, not shown in 
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figure 1, for the hydraulic connection of the upper and lower longitudinal ducts 
18 and 19 and of the side ducts. Furthermore, both the conductive terminal 
plates 25 are provided with appropriate holes (also not shown in figure 1) for 
housing the tie-rods. 

Operativeiy, the flow of liquid water supplied through the side ducts of the 
electrochemical generator 1 flows in the fluid collection channels 22 of the 
anodic sealing gaskets 8a and from here, through the fluid injection calibrated 
holes 20, is injected in the cathodic reactive streams entering tiie adjacent 
reaction cells 2. 

As an alternative, if the anodic sealing gaskets 8a have a structure 
equivalent to the one shown in figure 3b and the cathodic sealing gaskets 8b 8a 
have a structure equivalent to the one shown In figure 3a the stream of liquid 
water flows in the fluid collection channels 22, in this case obtained within the 
cathodic sealing gaskets 8b, and from here, through the fluid injection calibrated 
holes 20, is injected in the anodic reactive streams entering the adjacent 
reaction cells 2. 

In both cases, the thermal management of the electrochemical generator 
1 and the humidification of the membrane 4 are performed by the evaporation of 
the liquid water flow across the reticulated metallic element which realises the 
current collector/distributor 7. 

In figure 4, wherein the equivalent parts to those already illustrated 
making reference to figures 1, 2 and 3 have been provided vwth the same 
reference numerals, a second embodiment of membrane electrochemical 
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generator according to the invention is shown. The electrochemical generator 
100 is entirely similar to the electrochemical generator 1 except that it comprises 
a multiplicity of additional ceils 101, interposed between the reaction cells 2 in a 
1:1 ratio. 

Making reference to figure 5a, the additional celts 101 have a 
substantially rectangular shape and dimensions equivalent to those of the 
reaction cells 2 and each comprises a perimetrical portion 102a, acting as the 
separating surface for the two gaseous reactants and a hollow central portion 
102b to realise the seat of the current collector/distributor 7. The perimetrical 
portion 102a is provided with first and second upper openings 103ai, 103a2. first 
and second lower openings 103bi, 103b2 and side openings 104 placed in 
correspondence of the first and second upper openings 103ai, 103a2. 

In^ a filter-press configuration, the first and the second upper openings 
103ai, 103a2 of the additional cells 101 form, in conjunction with the first and the 
second upper openings 8ai, 8a2. 8bi, 8b2 of the anodic and cathodic sealing 
gaskets 8a, 8b which, in this case, have the same structure equivalent to that 
shown in figure 3b, and with the first and the second upper openings 12, 13 of 
the conductive bipolar plates 3, the two upper longitudinal ducts 18; the first and 
the second lower openings 103bi, 103b2 of the additional cells 101 form, in 
conjunction with the first and the second lower openings 8a3, 8a4, 8b3, 8b4 of the 
anodic and cathodic sealing gaskets 8a, 8b and with the first and the second 
lower openings 14, 15 of the conductive bipolar plates 3, the two lower 
longitudinal ducts 19. In their turn, the side openings 104 of the additional cells 
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101 form, in conjunction with the side openings 835, Sbs of the anodic and 
cathodic sealing gaskets 8a, 8b and with the side openings 16 of the conductive 
bipolar plates 3 the side feeding ducts of the liquid water The perimetrical 
portion 102a is also provided with a multiplicity of holes 105 for housing the tie- 
rods. ^ 

Furthermore, on both faces of the perimetrical portion 102a a fluid 
collection channel 106 is present, connected to the side openings 104 and 
positioned below the first and second upper openings 103ai, 103a2. in a filter- 
press configuration, the fluid collection channel 106 is in correspondence of the 
fluid injection calibrated holes 20 of the conductive bipolar plates 3. 

Operatively, the stream of liquid water supplied through the side ducts of 
the electrochemical generator 100 flows in the fluid collection channel 106 and 
from here, through the fluid injection calibrated holes 20, is injected in the 
reactant streams entering the adjacent reaction cells 2. 

As an alternative, the fluid collection channel 106 may be formed by two 
side portions 107, 108, connected with the side openings 104, the latter being 
obtained in correspondence of the first and second lower openings 103bi, 103b2 
(figure 5b). 

In this case, the stream of liquid water, prior to reaching the fluid injection 
calibrated holes 20 and being injected into the reaction cells 2, enters the two 
side portions 107, 108 of the fluid collection channel 106 to subsequently cross 
the whole surface of the current collector/distributor 7 of the additional cell 101 
pre-heating counter-currently or concurrently with respect to at least one of the 
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reactant flows entering the reaction cells 2. In this way, the additional cells 101 
acts as cooling cells of the electrochemical generator 1 00. 

Figure 6 shows a cross-section of a third embodiment, according to the 
invention, of a membrane electrochemical generator. The electrochemical 
generator 200, only a portion of which is shown in figure 6, is formed by a 
multiplicity of reaction cells 201 and of additional cells 202 mutually connected in 
series and assembled according to a filter-press type configuration; each 
additional cell 202 being interposed between a pair of reaction cells 201 . 

More in detail, each reaction cell 201 is delimited by a pair of flat-face 
conductive bipolar plates 203 among which are comprised, proceeding 
outwards, a proton-exchange membrane 204; a pair of porous electrodes 205; a 
pair of current collector/distributors 206 electrically connecting the conductive 
bipolar plates 203 to the porous electrodes 205; a pair of sealing gaskets 207 
directed to seal the periphery of the reaction cell 201 in order to avoid the 
leakage of the gaseous reactante. 

The conductive bipolar plates 203, shown in figures 7a, 7b, have a 
substantially rectangular shape and a typical thickness of 0,1-K),4 mm. They 
present a perimetrical portion 208 provided with first and second upper openings 
208ai, 208a2, first and second lower openings 208bi, 208b2 and side openings 
209. The perimetrical portion 208 is also provided with a multiplicity of holes 210 
for housing the tie-rods by means of which the tightening of the electrochemical 
generator 200 is achieved. 
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During the assemblage of the electrochemical generator 200, the coupling 
between the first and the second upper openings 208ai, 208a2 of ail the 
conductive bipolar plates 203 determines the formation of two upper longitudinal 
ducts 211 while the coupling between the first and the second lower openings 
208bi, 208b2 of all the conductive bipolar plates 203 determines the formation of 
two lower longitudinal ducts 212. The two upper longitudinal ducts 211, only one 
of which is shown in figure 6. define the feeding manifolds of the gaseous 
reactants (fuel and oxidant) while the two lower longitudinal ducts 212. only one 
of which is shown in figure 6. define the discharge manifolds of the reaction 
products mixed with the optional residual reactants. As an alternative, the lower 
longitudinal ducts 212 may be employed as feeding manifolds, and the upper 
longitudinal ducts 21 1 as discharge manifolds. It is also possible to feed one of 
the two gaseous reactante through one of the upper longitudinal ducts 211. 
using the correspondent lower longitudinal duct 212 for the discharge and 
feeding the other gaseous reactant through the other lower longitudinal duct 212 
using the correspondent upper longitudinal duct 21 1 for the discharge. 

Moreover, the coupling between the side openings 209 of all the 
conductive bipolar plates 203 determines the formation of side ducts, not shown 
in figure 6, for the passage of liquid water. 

As shown in figure 7b, the sealing gaskets 207 are laid on just one face of 
each conductive bipolar plate 203 by (injection or compression) moulding, 
mechanical anchoring or gluing. They realise the seat of the current 
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collector/distributors 206 besides delimiting the active area of tlie reaction cells 
201. 

In particular, the sealing gaskets 207 are obtained with a soft material, for 
instance silicone, elastomer, etc, and present a final thickness which can range 
from some tenth of a millimetre to a few millimetres. 

Each conductive bipolar plate 203 is also provided with a multiplicity of 
upper calibrated holes 213a and of a multiplicity of lower calibrated holes 213b 
of diameter comprised between 0,1 mm 5 mm. Through the multiplicity of upper 
calibrated holes 213a the gaseous reactants coming from the adjacent additional 
cell 202 flow, while through the multiplicity of lower calibrated holes 213b the 
reaction products and the residual reactants exit the reaction cell 201, as will be 
explained more in detail hereafter. The upper calibrated holes 213a are mutually 
aligned in order to ensure a homogeneous distribution of the gaseous reactants 
and are placed below the first and second upper openings 208ai. 208a2. in their 
tum. the lower calibrated holes 213b are mutually aligned and are placed above 
the first and second lower openings 208bi, 208b2. Both the upper 213a and 
lower 213b calibrated holes are spaced from the sealing gasket 207 by about 1 
mm for better exploiting the active area of the reaction cell 201. 

Furthermore, each conductive bipolar plate 203 is provided with a 
multiplicity of fluid injection calibrated holes 230, all having the same diameter 
(for example comprised between 0,2 mm * 1 mm), through which the liquid water 
coming from the adjacent additional cell 202 is injected into the reaction cell 201. 
The fluid injection calibrated holes 230 are mutually aligned in order to ensure a 
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homogeneous distribution of liquid water and are placed below the . upper 
calibrated holes 213a. 

Making now reference to figures 8a, 8b, each additional cell 202 has a 
substantially rectangular shape and dimensions equivalent to those of the 
reaction cell 201. Each additional cell 202 comprises a rigid perimetrical portion 
202a, made of plastic or metal, acting as the separating surface for the two 
gaseous reactants and a hollow central portion 202b to realise the seat of the 
current collector/distributor 206. The rigid perimetrical portion 202a is provided 
with first and second upper openings 214ai, 214a2. first and second lower 
openings 214bi, 214b2 and side openings 215. In a filter-press configuration, the 
first and the second upper openings 214ai, 214a2 of the additional cells 202 
form, in conjunction with the first and second upper openings 208ai, 208a2 of the 
conductive bipolar plates 203, the two upper longitudinal ducts 211, while the 
first and the second lower openings 214bi. 214b2 of the additional cells 202 
form, in conjunction with the first and second lower openings 208bi, 208b2 of the 
conductive bipolar plates 203. the two lower longitudinal ducts 212. In their turn, 
the side openings 215 of the additional cells 202 form, in conjunction with the 
side openings 209 of the conductive bipolar plates 203 the feeding ducts of the 
liquid water. The rigid perimetrical portion 202a is also provided with a 
multiplicity of holes 216 for housing the tie-rods. 

Moreover, each additional cell 202 comprises gaskets 217 which are laid 
on both faces of the rigid perimetrical portion 202a so that they define on each 
face of the perimetrical portion itself: a collection channel of the gaseous 
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reactants 218a placed below the first and second upper openings 214ai, 214a2; 
a collection channel of the reaction products and the residual reactants 218b 
placed above the first and second lower openings 214bi, 214b2; a feeding 
channel 219 to connect one of the two upper openings 214ai, 214a2 to the 
collection channel of the gaseous reactants 218a; a discharge channel 220 to 
connect the collection channel of the reaction products and of the residual 
reactants 218b to one of the lower openings 214bi, 214b2; a fluid collection 
channel 221 placed below the collection channel of the gaseous reactants 218a 
and connecting the side openings 209. In a filter-press configuration, the 
collection channel of the gaseous reactants 218a is placed in correspondence of 
the upper calibrated holes 213a, the collection channel of the reaction products 
and of the residual reactants 218b is placed in correspondence of the lower 
calibrated holes 213b while the fluid collection channel 221 is placed in 
correspondence of the fluid injection calibrated holes 230. The gaskets 217 seal 
the collection channel of the gaseous reactants 218a, the collection channel of 
the reaction products and of the residual reactants 218b and the fluid collection 
channel 221 so as to hinder the passage of the gaseous reactants, of the 
reaction products and of the residual reactants and of liquid water inside the 
additional cell 202. 

Moreover, the gaskets 217 are made of a soft material (silicone, 
elastomer etc.) compatible with the tightening/assemblage loads imposed by the 
sealing gaskets 207 of the reaction cell 201 and are laid on the rigid perimetrical 
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portion 202a by (injection or compression) moulding, mechanical anchoring or 
gluing. 

The electrochemical generator 200 operates as follows. The gaseous 
reactants (fuel and oxidant) supplied to the electrochemical generator 200 
through the upper longitudinal ducts 21 1 flow in the collection channels of the 
gaseous reactants 218a through the feeding channels 219. From here, the 
gaseous reactants, being unable to flow within additional cells 202 since the 
collection channels of the gaseous reactants 218 are sealed by gaskets 217, 
pass through the multiplicity of upper calibrated holes 213a placed on the 
conductive bipolar plates 203 of the adjacent reaction cells 201. In this way, the 
gaseous reactants reach the active are of the reaction cells 201 where the 
effective reaction takes place. 

In their turn, the reaction products and the residual reactante generated in 
the reaction cells 201 pass through the multiplicity of lower calibrated holes 213b 
placed on the conductive bipolar plates 203 of the same reaction cells reaching 
the collection channels of the discharge products 218b of the adjacent additional 
cells 202. From here, they exit the electrochemical generator 200 through the 
discharge channels 220. 

Furthermore, according to the present invention, the stream of liquid 
water supplied through the side ducts of the electrochemical generator 200 flows 
in the fluid collection channels 221 and from here, through the fluid injection 
calibrated holes 230, is injected into the reactant streams entering the adjacent 
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reaction cells 201 providing for the humidificatlon of membrane 204 and for the 
thermal management of the electrochemical generator 200. 

As an alternative to the fluid collection channel 221, the additional cell 
202 may comprise two lateral fluid collection channels (222, 223) connected to 
the side openings 215 and placed below the collection channel of the discharge 
products 218b (figures 9a, 9b). 

in this case, the flow of liquid water, prior to reaching the fluid Injection 
calibrated holes 230 and being injected into the reaction cells 201, enters 
through the two lateral fluid collection channels 222, 223 to subsequently cross 
the whole surface of the current collector/distributor 206 of the additional cell 
202 pre-heating counter-currently or concurrently with respect to at least one of 
the reactant flows entering the reaction cells 201. In this way the additional cells 
202 act as cooling cells of the electrochemical generator 200. 

Moreover, as shov\m in figures 10a, 10b, the fluid injection calibrated 
holes 230 of each conductive bipolar plate 203 may be placed above (rather 
than below) the upper calibrated holes 213a. In this d^se the fluid collection 
channel 221 is placed above the collection channel of the gaseous reactants 
218a (figures 11a, lib). 

As an alternative, besides the fluid collection channel 221, the additional 
cell 202 may comprise a first and a second lateral channel 224, 225, placed 
above the collection channel of the discharge products 218b, and a third and a 
fourth lateral channel 226, 227 placed below the collection channel of the 
gaseous reactants 218a (figures 12a, 12b). 
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In this case, the flow of liquid water, prior to reaching the fluid injection 
calibrated holes 230 and being injected into the reaction cells 201, enters the 
first and second lateral channel 224. 225 and exits from the third and fourth 
lateral channel 226, 227 crossing the current collector/distributor 206 of the 
additional cell 202 so that it is pre-heated counter-currently or concurrently with 
respect to at least one of the reactant streams supplied to the reaction cells 201. 

The advantages obtainable with the above described electrochemical 
generators are the following. 

First the fluid injection calibrated holes 20. 230 pemtiit to obtain a uniform 
distribution of the calibrated flow of liquid water inside the reaction cells 2. 201. 
in this way. the cooling of the electrochemical generators 1, 100, 200 as the 
hydration of the proton-exchange membranes 4, 204 result more uniform, with 
the effect of increasing the operative life of the same membranes besides 
enhancing the liquid water evaporative mechanism, thus decreasing the required 
flow-rate for the thermal management of the same generators. 

Moreover, the liquid water flow pre-heating achieved by the use of the 
additional cells shown in figures 5b, 9a, 9b and 12a. 12b amplifies the above 
disclosed advantages since it further enhances the liquid water evaporative 
mechanism allowing a further reduction of the time for reaching steady-state 
conditions at the start-up of the electrochemical generators 1. 100, 200. 

It is finally evident that modifications and variations can be made to the 
described electrochemical generators, without departing from the domain of the 
present invention. 



20 



wo 03/107465 ^ ^ PCT/EP03/06327 



CLAIMS 

1. Membrane electrochemical generator (1, 100, 200) fed with gaseous 
reactants and comprising a multiplicity of reaction cells (2, 201) being delimited 
by conductive bipolar plates (3, 203) among which is comprised a proton- 
exchange membrane (4, 204), characterised in that said conductive bipolar 
plates (3, 203) comprise a multiplicity of fluid injection calibrated holes (20, 230) 
for the injection of a calibrated flow of a cooling fluid inside said reaction cells (2, 
201). 

2. Generator according to claim 1, characterised in that each of said reaction 
cells (2, 201) is formed by an anodic chamber (9) and a cathodic chamber (10) 
separated by said membrane (4, 204), said anodic chamber (9) and said 
cathodic chamber (10) each comprising an electrically conductive reticulated 
element (7, 206) at whose interior said calibrated flow of said cooling fluid 
partially evaporates simultaneously providing for the humidification of said 
gaseous reactants and for the thermal management of said membrane 
electrochemical generator (1, 100, 200). 

3. Generator according to claim 1 or 2, characterised in that said fluid 
injection calibrated holes (20, 230) are mutually aligned and placed in 
correspondence of feed openings (12, 13, 208a 1, 208a2) for feeding said 
gaseous reactants and of side openings (16, 209) for feeding said cooling fluid 
(12, 13, 208a1, 208a2) and said side openings (16, 209) being obtained in a 
perimetrical portion (11, 208) of said conductive bipolar plates (3, 203). 
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4. Generator according to anyone of claims 1-3. characterised in that said 
fluid injection calibrated holes (20. 230) have the same diameter comprised 
betvfveen 0,2 mm 1 mm. 

5. Generator according to anyone of the previous claims, characterised in 
that said conductive bipolar plates (3) are interposed between a pair of sealing 
gaskets (8a. 8b) of two adjacent reaction cells (2), said sealing gaskets (8a. 8b) 
each realising a seat for a respective electrically conductive reticulated element 
(7) and comprising: 

- respective feed openings (8ai, 8a2, 8bi. Sb?) for the passage of said gaseous 
reactants; 

- respective side openings (8as; 8bs) for the passage of said cooling fluid; 

- respective distribution channels (21a. 23a) to connect said respective feed 
openings (8ai, 8a2, 8bi, Sba) to said respective electrically conducting reticulated 
element (7). 

6. Generator according to claim 5, characterised in that at least one of said 
sealing gaskets (8a, 8b) comprises respective fluid collection channels (22) 
connected to said respective side openings (8as, 8bs), said fluid collection 
channels (22) being interposed between said respective feed openings (8ai. 8a2. 
8bi, 8b2) and said respective distribution channels (21a, 23a) and being suited to 
collect said cooling fluid. 

7. Generator according to claim 5 characterised in that at least one of said 
sealing gaskets (8a, 8b) comprises respective fluid collection channels (22) 
connected to said respective side openings (Sag, Sbs) and to said respective 
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distribution channels (21a. 23a), said respective fluid collection channels (22) 
being interposed between said respective feed openings (8a 1, 8a2, 8b 1, 8b2) 
and said respective distribution channels (21a, 23a) and being suited to collect 
said cooling fluid. 

8. Generator according to claim 6 or 7, characterised in that in a filter-press 
configuration said fluid collection channels (22) present on at least one of the 
sealing gaskets (8a, 8b) are superposed to said fluid injecb'on calibrated holes 
(20) and that each of said fluid injection calibrated holes (20) is in 
con-espondence of a distribution channel (21a, 23a) obtained on the other 
sealing gasket (8a. 8b). 

9. Generator according to anyone of claims 1-4, characterised in that it 
comprises a multiplicity of additional cells (101), each of the additional cells 
(101) being interposed between a pair of reaction cells (2), realising a seat for a 
respective electrically conductive reticulated element (7) and comprising a 
perimetrical portion (102a) in which are obtained: 

- side openings (104) for the passage of said cooling fluid; 

- at least one fluid collection channel (106) connected to said side openings 
(104) and suited to collect said cooling fluid; 

- feed openings (103ai, lOSaa) for the passage of said gaseous reactants; 

- discharge openings (103bi. lOSba) for discharging the reaction products and 
residual reactants. 

10. Generator according to claim 9. characterised in that said fluid collection 
channel (106) is placed below said feed openings (103ai, 103a2). 
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11. Generator according to claim 9 or 10. characterised in that, in a filter- 
press configuration, said fluid collection channel (106) is superposed to said 
fluid injection calibrated holes (20) of said conductive bipolar plates (3). 

12. Generator according to ciaim 9, characterised in that said fluid collection 
channel (106) is formed by a first and a second side portion (107, 108) placed 
above said discharge openings (103bi. lOSba). 

13. Generator according to claim 12, characterised in that said cooling fluid, 
prior to reaching said fluid injection holes (20), crosses the whole surface of said 
respective electrically conductive reticulated element (7) pre-heating counter- 
currently or concurrently with respect to at jeast one gaseous flow entering said 
reaction cells (2). 

14. Generator according to anyone of claims 1-4, characterised in that said 
conductive bipolar plates (203) comprise a multiplicity of first calibrated holes 
(213a) for the passage of said gaseous reactants and a multiplicity of second 
calibrated holes (213b) for the discharge of reaction products and of optional 
residual reactants and that said multiplicity of fluid injection calibrated holes 
(230) are placed in correspondence of said multiplicity of first calibrated holes 
(213a). 

15. Generator according to claim 14, characterised in that said first calibrated 
holes (213a) are mutually aligned and placed in correspondence of said feed 
openings (208ai, 208a2) of said conductive bipolar plates (203) and that said 
second calibrated holes (213b) are mutually aligned and placed in 
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correspondence of discharge openings (208b,. 208b2) obtained on said 
perimetrical portion (208) of said conductive bipolar plates (203). 

16. Generator according to claim 14 or 15, characterised in that said reaction 
cells (201) comprise a sealing gasket (207) covering only one face of said 
perimetrical portion (208) of said conductive bipolar plates (203). said sealing 
gasket (207) realising a seat for a respective electrically conductive reticulated 
element (206). 

17. Generator according to anyone of claims 14-16, characterised in that it 
comprises a multiplicity of additional cells (202). each of the additional cells 
(202) being interposed between a pair of reaction cells (201) and comprising a 
rigid perimetrical portion (202a) and a hollow central portion (202b). said rigid 
perimetrical portion (202a) acting as separating surface for said gaseous 
reactants and said hollow central portion (202b) realising a seat for a respective 
electrically conductive reticulated element (206). 

18. Generator according to claim 17, characterised in that said rigid 
perimetrical portion (202a) is provided with feed openings (214ai, 214a2) for 
feeding said gaseous reactants, of discharge openings (214bi. 214b2) for 
discharging the reaction products and the residual reactants and of side 
openings (215) for the passage of said cooling fluid. 

19. Generator according to claim 17 or 18, characterised in that said rigid 
perimetrical portion (202a) is covered on each face by a gasket (217), said 
gasket (217) defining on each face of said rigid perimetrical portion (202a) a 
zone of collection of the gaseous reactants (218a) placed in correspondence of 
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said feed openings (214ai, 21482) of said rigid perimetrical portion (202a), a 
zone of collection of the reaction products and of the residual reactants (218b) 
placed in correspondence of said discharge openings (214bi, 214b2) of said rigid 
perimetrical portion (202a). a feed channel (219) to connect one of said feed 
openings (214ai, 214a2) to said zone of collection of the gaseous reactants 
(218a). a discharge channel (220) to connect said zone of collection of the 
reaction products and of the residual reactants (218b) to one of said discharge 
openings (214bi, 214b2). 

20. Generator according to claim 19, characterised in that said gasket (117) 
seals said zone of collection of the gaseous reactants (218a) and said zone of 
collection of the reaction products and of the residual reactants (218b) so as to 
hinder the passage of said gaseous reactants and of said reaction producte and 
optional residual reactants within saijd additional cell (202). 

21. Generator according to claim 19 or 20. characterised in that in a filter- 
press configuration said zone of collection of the gaseous reactants (218a) is 
superposed to said first calibrated holes (213a) and said zone of collection of the 
reaction products and of the residual reactants (218b) is superposed to said 
second calibrated holes (213b). 

22. Generator according to anyone of claims 1 9-21 , characterised in that said 
fluid injection calibrated holes (230) are placed below said first calibrated holes 
(213a) and that said gasket (217) defines on each face of said rigid perimetrical 
portion (202a) a fluid collection channel (221) placed below said feed openings 
(214ai. 214a2) of said additional cells (202). 
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23. Generator iaccording to anyone of claims 19-21, characterised in that said 
fluid Injection calibrated holes (230) are interposed between said feed openings 
(208ai. 20832) of said bipolar plates (203) and said first calibrated holes (113a, 
113b) and that said gasket (217) defines on each face of said rigid perimetrical 
portion (202a) a fluid collection channel (221) interposed between said feed 
openings (214ai, 21432) of said additional cell (202) and said zone of collection 
of the gaseous reactants (118a). 

24. Generator according to claim 22 or 23, characterised in that in a filter- 
press configuration said fluid collection channel (221) is superposed to said fluid 
injection calibrated holes (230). 

25. Generator according to anyone of claims 19-21 , characterised in that said 
additional cells (202) comprise a first and a second fluid collection lateral 
channel (222, 223) connected to said side openings (215) of said additional cells 
(202) and placed above said discharge openings (214bi, 214b2) of said 
additional cells (202) and that said cooling fluid, prior to reaching said fluid 
injection holes (230) passes through said first and second fluid collection lateral 
channel (222, 223) to cross subsequently the whole surface of said respective 
electrically conductive reticulated element (206) pre-heating counter-currently or 
concurrently with respect to at least one gaseous flow entering said reaction 
cells (201). 

26. Generator according to anyone of claims 19-21, characterised in that said 
additional cells (202) comprise: 
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- a first and a second fluid collection lateral channel (224, 225) connected to 
said side openings (215) of said additional cells (202) and placed above said 
discharge openings (214bi. 214b2) of said additional cells (202); 

- a third and a fourth fluid collection lateral channel (226, 227) connected to said 
side openings (215) of said additional cells (202) and placed below said feed 
openings (214ai, 214a2) of said additional cells (202); 

- a fluid collection channel (221) interposed between said feed openings (214ai. 
21432) of said additional cells (202) and said zone of collection of the gaseous 
reactants (218a) and connected to said side openings (215) of said additional 
cells (202); 

and that said cooling fluid, prior to reaching said fluid injection holes (230) 
enters through said first and second fluid collection lateral channel (224. 225) to 
subsequently cross the whole surfeoe of said respective electrically conductive 
reticulated element (206), pre-heating counter-currently or concurrentiy with 
respect to at least one gaseous flow entering said reaction cells (201), said 
cooling fluid subsequentiy exiting from said third and fourth fluid collection lateral 
channel (226, 227); 

and that in a filter-press configuration said fluid collection channel (221) is 
superposed to said fluid injection calibrated holes (230). 

27. Generator according to anyone of the previous claims, characterised in 
that said cooling fluid is liquid water. 

28. Membrane electrochemical generator, substantially as described with 
reference to the annexed figures. 
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